INTRODUCTION
============

In aneurysmal subarachnoid hemorrhage (SAH), symptomatic vasospasm, and its associated delayed cerebral ischemia (DCI), are not uncommon, and often result in significant morbidity and mortality[@B5]; however, a timely recognition of ischemic insults and the prompt use of interventions such as stat chemical vasodilators or balloon angioplasty are critical in order to prevent irreversible cerebral damage[@B9]. We present a case of successful and prompt detection of a symptomatic vasospasm using real-time continuous electroencephalograpy (cEEG). This case has resulted in avoiding any permanent neurologic deficits for the patient.

CASE REPORT
===========

A 50-year-old woman without any significant medical history presented with a sudden-onset of severe bifrontal headache. She arrived at the emergency room within the first 2 hours of symptom onset. Initially, she was only mildly drowsy (Hunt Hess grade III) and had a Glasgow Coma Scale score of 13. Initial brain computed tomography (CT) and CT angiography (CTA) showed a diffuse subarachnoid hemorrhage (SAH) in the basal cistern and bilateral sylvian fissures with thick hemorrhages without intraventricular hemorrhage (Fisher grade 3), and a wide-neck aneurysm of 7.3×6 mm at the anterior communicating artery (AcoA). The aneurysm was clipped immediately. Management of blood pressure and intracranial pressure was in accordance with the latest stroke guidelines at the neurological intensive care unit (ICU) ([Fig. 1](#F1){ref-type="fig"}).

cEEG (Grass Technologies, West Warwick, RI, USA), and daily transcranial Doppler (TCD) were carried out from post-bleed days 5 to 9 (with the day of the SAH as day 0) to detect vasospasm according to a predetermined cEEG protocol. Her cEEG revealed diffuse theta slowing without asymmetry and TCD mean flow velocities increased to 100 cm/s and 106 cm/s in the right and left middle cerebral arteries (MCA) respectively, resulting in respective Lindegaard ratios of 3.03 and 3.31 on post-bleed day 5.

On post-bleed day 6, the patient\'s level of consciousness recovered completely, and was stable to be transferred out of the neurological ICU. Her neurological status was stable during the daily morning round (9 a.m.) and the hospital\'s visiting hours (10 : 30 a.m.). Her cEEG alpha/delta ratio (ADR) was not remarkable at 10 a.m. From then on, there was a significant ADR abnormalitiy, and the neurointensivist detected a progressive and rapid decrement of the ADR on the left side (more in C3-P3 than in F3-C3) compared to the right at 11 : 45 a.m. The decrease of ADR was more than 60% change from baseline ([Fig. 2](#F2){ref-type="fig"}). Shortly after this, the patient became acutely right hemiparetic (Medical Research Council grade 3/5) with global aphasia. We attributed this worsening as symptomatic vasospasm in the MCA territory based on quantitative cEEG and neurological examinations. During preparation for a corrective procedure, stat TCD was performed and the mean flow of the left MCA was shown to be further increased (161 cm/s) with a Lindegaard ratio of 5.03. Stat conventional cerebral angiography without CT angiography or CT perfusion was performed, and it showed severe vasospasm in the anterior cerebral artery (ACA) and MCA of the left hemisphere and there was a residual sac on the clipped aneurysm ([Fig. 3](#F3){ref-type="fig"}). Successful chemical vasodialtion with intra-arterial (IA) infusion of 4 mg of nimodipine was carried out.

The patient\'s neurological deficits including her moderate motor aphasia and leg weakness on the right side remained in the period immediately after the procedure; however, they were markedly improved compared to their severity before the procedure. On post-bleed day 7, her neurological status improved, but she still had minimal motor aphasia and leg weakness.

On post-bleed day 8, the mean flow velocity of the left MCA was markedly increased to 207 cm/s with a 6.27 Lindegaard ratio in the morning. There was no asymmetry of ADR on cEEG and no symptom worsening. Although the patient\'s vasospasm was asymptomatic, we decided to perform conventional angiography because of the high probability of its change into symptomatic vasospasm. The moderate vasospasm remained stationary. IA angioplasty with 5 mg of nimodipine was performed again. Finally, she was discharged to home with only mild dysarthria after successful re-clipping of her AcoA aneurysm.

DISCUSSION
==========

High-grade SAH has a high risk of developing vasospasm and DCI, from which secondary brain injury may develop, and result in death[@B2]. However, it is not possible to predict when or if vasospasm after SAH will occur and this reality makes the condition difficult to treat. Although daily TCD testing might help to detect vasospasm, the role of TCD as a real-time detection tool has been criticized for its poor temporal resolution[@B10].

The goal of neuromonitoring in neurological ICU is to forestall secondary brain injury as soon as possible, and to prevent permanent injury by triggering timely interventions. cEEG serves this purpose well. A previous study reported that ADR demonstrated the strongest association with DCI compared with other indices and clinically useful cut-offs were defined 6 consecutive clip (one clip defined as 1 minute) with a \>10% decrease in ADR from baseline and any single clip with a \>50% as reasonable values[@B1]. This association was based on EEG changes correlating with the degree of neuronal injury and cerebral blood flow impairment[@B4][@B6]. The onset of clinical symptoms due to vasospasm after aneurysmal SAH may be preceded by decrement and asymmetry of ADR on cEEG, which can be detected in real time[@B1].

Since July 2013, our cEEG protocol for vasospasm has been applied in cases of high grade aneurysmal SAH and its summary is as follows : 1) cEEG monitoring is performed using a 21-electrode longitudinal bipolar montage according to the international 10--20 system. 2) The real-time quantitative cEEG (ADR, alpha power, delta power, amplitude EEG, and density spectral array) is checked at least every 2 h. 3) The focus is on F3-C3-F4-C4 and C3-P3/C4-P4 in AcoA aneurysm, on C3-P3/C4-P4 in MCA-bifurcation aneurysm, and on C3-P3/C4-P4 and P3-O1/P4-O2 in aneurysm of the posterior communicating artery[@B1].

The interval from the last normal period to the detection time was about 75 minutes, which might be attributable to the cEEG monitoring protocol. The time from detection to IA angioplasty was 115 minutes. Conventional angiography with chemical angioplasty was always available in our hospital but, obtaining procedural consent from her family was somewhat delayed because they were not always present outside of the hospital\'s visiting hours. As for vasospasm in aneurysmal SAH, rapid treatment within a 2-hour window may be profitable for promoting not only angiographic but also clinical improvements[@B7][@B9]. We believe that this protocol-based treatment may lead to a rapid clinical response, which has facilitated the complete recovery of this particular patient.

In this case, routine TCD before symptom onset did not predict vasospasm because of the impossibility of continuous monitoring, and there did not appear to be a relationship between clinical symptoms, MCA flow, and Lindegaard ratio after cerebral angioplasty (post-bleed day 8). TCD detects high mean cerebral blood flow velocities in the major vessels. The flow velocities are dependent on the vessels\' diameter and insensitive to vasospasm affecting distal vasculature[@B8]. Moreover, hypervolemia can lead to high velocities, which increases the false-positive rate without having true DCI due to cerebral vasospasm. In addition, TCD can be very limited in patients with poor acoustic windows. Detecting a perfusion defect rather than a decrease in vessel caliber is more indicative of DCI[@B3]. However, perfusion studies such as CT perfusion cannot provide continuous data.

CONCLUSION
==========

Real-time cEEG as well as daily routine TCD may help to detect vasospasm in aneurysmal SAH. Further, a protocol-based treatment algorithm may also reduce the permanent ischemic insult by reducing onset-to-detection time. Multidisciplinary care including neurointerventionist, neurointensivist, neurosurgeon, neurologist and continuous monitoring could dramatically improve the clinical outcomes of patients with aneurysmal SAH.

![Brain CT and CTA. Initial brain CT (A) and CTA (B) showing a diffuse subarachnoid hemorrhage without intraventricular hemorrhage (Fisher grade 3) and a wide-neck aneurysm of 7.3×6 mm at the anterior communicating artery. Follow-up CT on post-bleed day 11 (C) shows mild epi- and sub-dural hematoma but no ischemic stroke.](jkns-59-154-g001){#F1}

![Quantitative continuous EEG. Quantitative continuous EEG data from two bipolar channels in the bilateral fronto-central (F3-C3, F4-C4) and centro-parietal (C3-P3, C4-P4) regions showing progressive decrement of the alpha-delta ratio after 10 a.m. on the left hemisphere with more prominence on the centro-parietal than fronto-central region, and an increase of alpha-delta ratio after intra-arterial chemical angioplasty (A and B). Raw EEG data just before angioplasty, showing the rise in asymmetry with delta slowing on the left hemisphere (C). Ratio : alpha-to-delta ratio, DSA : density spectral array, EEG : electroencephalogram, aEEG : amplitude EEG.](jkns-59-154-g002){#F2}

![Digital subtraction angiography before and after chemical angioplasty. On post-bleed day 6, a first conventional angiography before chemical angioplasty (A) shows severe vasospasm in the anterior cerebral artery and middle cerebral artery of the left hemisphere and a residual sac on the clipped aneurysm. Conventional angiography after chemical angioplasty with 4 mg nimodipine (B) shows an increase in middle cerebral artery caliber. On post-bleed day 8, final conventional angiography before chemical angioplasty (C) shows that moderate vasospasm on the left middle cerebral artery remains, and that vasospasm improves after chemical angioplasty with 5 mg nimodipine (D).](jkns-59-154-g003){#F3}
